We surveyed Rickettsiales bacteria, including Rickettsia, Ehrlichia, Anaplasma, and Neoehrlichia, in wild sika deer (Cervus nippon nippon) from Shizuoka prefecture, Japan. In spleen samples from 187 deer, Anaplasma phagocytophilum (deer type), A. bovis, and A. centrale were successfully detected by PCR assay targeting to 16S rDNA or p44/msp2, and their positive rates were 96.3z (180/187), 53.5z (100/187), and 78.1z (146/187), respectively. Additionally, 2 or 3 Anaplasma species could be detected from a single deer in 165 spleen samples (88.2z), indicating dual or triple infection. In contrast, A. phagocytophilum (human type) 16S rDNA, Rickettsia gltA, Ehrlichia p28/omp-1, and Neoehrlichia 16S rDNA could not be amplified. The serological test of 105 deer serum samples by immunofluorescence assay showed that the detection of antibodies against antigens of A. phagocytophilum HZ (US-human isolate) and Rickettsia japonica YH were 29.5z (31/105) and 75.2z (79/105), respectively. These findings suggest that A. phagocytophilum (deer type), A. centrale, and A. bovis are highly dominant and prevalent in wild sika deer from Shizuoka, a central region of Japan, and that the antibodies against some Rickettsiales bacteria have also been retained in deer blood.
The order Rickettsiales includes the genera Rickettsia, Orientia, Ehrlichia, Anaplasma, Neorickettsia, Neoehrlichia, etc. (1, 2) . Of these, Rickettsia, Ehrlichia, Anaplasma, and Neoehrlichia are associated with ticks, and some cause febrile illnesses in humans as well as livestock; therefore, these genera are of significance to public and veterinary health. Recently, Anaplasma phagocytophilum infection and coinfection with Rickettsia japonica in humans have been confirmed in central to western parts of Japan (3, 4) , where infected ticks were present (5) . In the past decade, tick-associated Rickettsiales bacteria have also been identified in wild mammals, including deer, boar, Japanese serows, field mice, and wild rats in Japan (2, (6) (7) (8) (9) (10) (11) (12) (13) (14) . In particular, wild deer are thought to be one of the most likely reservoirs and/or wide-spreading hosts for tick-associated Rickettsiales bacteria. Thus far, molecular and serological analyses of Rickettsiales bacteria in wild deer have been previously conducted by several researchers (6, 9, 10, (12) (13) (14) . However, information about the surveillance of those bacteria in deer remains insufficient, because it is difficult to collect sufficient samples from deer in Japan. In this study, we successfully obtained more than 100 spleen and blood samples from wild deer by participating in a sika-decreasing project in Shizuoka prefecture, Japan. The aim of this study was to identify the prevalent Rickettsiales bacteria that are dominantly associated with wild sika deer inhabiting Shizuoka, Japan.
In total, 187 spleen and 105 blood samples from 187 sika deer (Cervus nippon nippon) were obtained by dissection and by drawing blood after hunting during 2010 to 2012 in Shizuoka prefecture, Japan, and were used for the surveillance of tick-associated Rickettsiales bacteria. Total DNA was extracted from each spleen and blood sample by using the QIAamp DNA Mini Kit (QIAGEN, Valencia, CA, USA), and PCR was conducted using primers listed in Table 1 (6, 15, 16) . The PCR conditions were as follows: 1 denaturation cycle for 3 min at 949 C, followed by 45 cycles consisting of 1 min of denaturation at 949 C, 1 min of annealing at 55-609 C, and 1 min of extension at 729 C. After PCR, some amplicons were sequenced to confirm the identity of the bacterial species. For the serological test, the Anaplasma phagocytophilum HZ strain (US-human isolate) and the Rickettsia japonica YH strain were cultured with HL60 and L929 cells, respectively, and were used as antigens. For the detection of antibodies against these 2 pathogens in sera obtained from deer, an indirect immunofluorescence assay (IFA) was performed, Rickettsiales Bacteria in Deer in Japan as described previously (3) . The sera were screened at 1 : 20 dilution used as a primary antibody and the fluorescein isothiocyanate-labeled rabbit anti-deer IgG antibody (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD, USA) was used as a secondary antibody. Serum samples that reacted with the antigens at a 1 : 20 dilution were then titrated using a serially 2-fold dilution to determine the endpoint titer. We first conducted the primary PCR detection tests by using the spleen and blood samples (25 samples of each) of deer with A. phagocytophilum p44/msp2 target primers by a single PCR. The PCR products could be amplified from 21 out of 25 spleen samples (84z) and 7 out of 25 blood samples (28z), suggesting that the detection efficiency from spleen samples was higher than that from blood, which is also likely for the detection of other species. Therefore, we chose to use spleen, rather than blood, as samples for PCR to survey Rickettsiales bacteria in the following experiments. Subsequently, a PCR survey was performed for the detection of Rickettsia gltA, Ehrlichia p28/omp-1, Neoehrlichia mikurensis 16S rDNA, A. phagocytophilum p44/msp2, A. bovis 16S rDNA, and A. centrale 16S rDNA from spleen DNA of 187 deer samples. In Japan, it is known that there are 2 major groups of A. phagocytophilum (12, 13) . One group has the 16S rDNA sequence of A. phagocytophilum, which is identical (or very similar) to that of US-human isolates (we refer to these as the``human type'') (14) . Another group contains a sequence that is different from that of human isolates and is frequently detected in sika deer (we call``deer type'') (6), although its genetic variants have been reported in wild mammals such as boars as well as deer (6, 12) . The deer-type A. phagocytophilum has also been referred as``A . phagocytophilum-related species'' or``the closely related Anaplasma sp.'' by other researchers (12, 13) . We designed some primers targeting to 16S rDNA to distinguish these 2 types of A. phagocytophilum (Table  1 ). In the primary experiment, the specificity of primer pairs used in this study was confirmed by PCR with several positive samples, such as DNA from Ixodes persulcatus ticks infected with A. phagocytophilum (human type) or from sika deer infected with A. phagocytophilum (deer type) that had been previously identified (14, 17) (data not shown). Then, the PCR survey was conducted in spleen samples from 187 sika deer from Shizuoka, Japan. As shown in Table 2 , A. phagocytophilum p44/msp2, A. phagocytophilum (deer type) 16S rDNA, A. bovis 16S rDNA, and A. centrale 16S rDNA could be detected in 180, 180, 100, and 146 of the total 187 deer spleens (96.3z, 96.3z, 53.5z, and 78.1z), respectively. To confirm the Anaplasma species (or type) detected in this PCR survey, some 16S rDNA amplicons were directly sequenced. The 400-to 600-bp sequences of A. phagocytophilum (deer type), A. bovis, and A. centrale detected in this study were found to be identical to those of A. phagocytophilum deer SS33P-L (AB196721) (6), A. bovis AB4 D (AB588970) (12) , and A. centrale SS40C-L (AB211164) (6), respectively, showing that the PCR used in this study may be useful for the distinguishable detection of Anaplasma species present in Japan. In contrast, Rickettsia gltA, Ehrlichia p28/omp-1, N. mikurensis 16S rDNA, and A. phagocytophilum (human type) 16S rDNA were not detected by PCR. Additionally, 165 out of 187 deer spleen samples were found to be dually or triply infected with A. phagocytophilum (deer type), A. bovis, or A. centrale (88.2z), suggesting a high preva- lence of coinfection in deer (Table 3) . In a serological survey, serum samples from 31 out of 105 (29.5z) deer reacted with the A. phagocytophilum HZ strain (US-human isolate) with a titer ranging from 1 : 20 to 1 : 1,280 (Table 4 ). In addition, the sera from 79 out of 105 (75.2z) deer reacted with the R. japonica YH strain with a titer ranging from 1 : 20 to 1 : 320. Of those sera, 28 reacted with both the antigens of Anaplasma and Rickettsia. Thus, although deer tested were negative for A. phagocytophilum (human type) 16S rDNA and Rickettsia gltA by PCR, antibodies to those 2 Rickettsiales bacteria species have been shown to be present in some deer blood samples. In this study, we attempted to identify the prevalent tick-transmitted Rickettsiales bacteria that are dominantly associated with wild sika deer inhabiting Shizuoka prefecture, Japan. To accomplish this, we first performed a single PCR detection of A. phagocytophilum p44/msp2 in 2 samples of spleen and blood obtained from deer to select which samples were more available. The spleen samples showed a better detection efficiency than did the blood samples. The fact that a lower positive rate (28z) for A. phagocytophilum was recorded in blood samples compared with the relatively higher percentage (96.3z) recorded in spleen samples may reflect the epidemiology or critical roles of sika deer for the life cycle of the pathogen. Because we examined only 25 blood samples in this study, further comparative studies of blood and spleen samples infected with the pathogen are expected to be carried out in order to consider such epidemiological and biological significance. In this study, by PCR survey of deer spleen samples, A. phagocytophilum (deer type), A. centrale, followed by A. bovis were found to be highly detectable and prevalent in sika deer inhabiting Shizuoka. Although the possibility of cross contamination among deer samples was not completely ruled out, most of the samples from deer were carefully collected by dissection, which we performed by ourselves, together with the hunters. Additionally, we used a single PCR detection rather than nested PCR to avoid the influence of such cross contamination. Rickettsia spp., Ehrlichia spp., A. phagocytophilum (human type), and N. mikurensis could not be detected by our PCR, since some of these may be insufficient for the PCR sensitivity. Further studies are required to confirm the presence of those bacteria by nested PCR, although cross contamination among deer samples remain in consideration. Previously, other researchers have reported the presence of A. phagocytophilum (deer type), A. centrale, and A. bovis in the blood of wild deer (C. nippon nippon and C. nippon yesoensis), but the detection efficiency appeared to be not high compared to our results in this study, which was probably due to the use of blood samples, but not the use of spleen samples, as PCR templates (6, 12, 13) . In the serological test, antibodies against A. phagocytophilum were detected with a positive rate of 29.5z (31/105) in sika deer. However, A. phagocytophilum (deer type) was highly detectable by PCR (96.3z, 180/187). Because no isolates of A. phagocytophilum (deer type) are available so far, we used A. phagocytophilum (US-human isolate) as an antigen for the IFA test. The A. phagocytophilum (UShuman isolate) antigen might cross-react weakly with antibodies against A. phagocytophilum (deer type) in sera from sika deer, although A. phagocytophilum (US-human isolate) had a genetic relation to A. phagocytophilum (deer type) (6) . The reason why the positive antibody ratio was lower than the PCR positive percentage may be the antigenic difference between A. phagocytophilum (US-human isolate) and A. phagocytophilum (deer type) in serological analysis. To the best of our knowledge, this is the first report using a serological survey for the detection of A. phagocytophilum antibodies in sika deer (C. nippon nippon) from Japan. Furthermore, we successfully detected antibodies against R. japonica with a high positive rate of 75.2z (79/105). It is well known that antibodies to spotted fever group rickettsiae could be cross-reactive among rickettsial species. Therefore, sika deer with positive sera might be infected with rickettsiae other than R. japonica, because the deer samples were collect-ed in areas where Japanese spotted fever (R. japonica ) was rare. On Hokkaido Island, sika deer (C. nippon yesoensis) with antibodies to R. helvetica (positive rate of 63.6z, 14/22) have previously been reported (9) , and R. helvetica and R. asiatica have also been detected in sika deer (C. nippon yesoensis) by nested PCR (9, 18) . Thus, the results of the previous serological analysis in Hokkaido, a northern region of Japan, seemed to be similar to those in Shizuoka, a central region of Japan that is far from Hokkaido, although no rickettsiae were detected from sika deer in Shizuoka by PCR. Seropositivities are known to be generally higher than the use of molecular detection in rickettsiae. Spleen samples did not indicate the prevalence of Rickettsia species, as determined by PCR detection, while seropositivity for Rickettsia japonica, which is evidence to exposure to spotted fever group rickettsiae, was detected.
As mentioned above, we showed by a molecular survey that 3 Anaplasma species, A. phagocytophilum (deer type), A. centrale, and A. bovis, are dominantly associated with wild sika deer and are highly prevalent in Shizuoka, Japan. We also showed by a serological survey that antibodies to A. phagocytophilum and spotted fever group rickettsiae were retained in deer blood. The results obtained in this study will provide a better understanding of the distribution of tick-associated Rickettsiales bacteria in wild mammals and will contribute to further surveillance of such bacteria in Japan.
